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(1. (x/ (x + y) ) xiootmMxh^o i^fz. 

V^—htLXN^^/wX\^^^m^s ^l/Mi. CI, F 
RXJ^H^<Dm<Dytm^^/uX\^^^m^\^h. Xi SU^X 

[0 0 7 1 1 Hisfi, H f 02 mii^mm-f'^s i air, 
Hf02 iscDftsit^^ imm^mii^'^^^xcDmm) 

ftco@^^/^s. mm<DXi = (s iss/ (s 

+ Hf«S) ) X 1 0 o^:^Lrv^:5o T<^«W 
f fl:OS^^/^SX2 = (HfSS/(SigS+ 
H f ^S) ) X 1 0 o^^LTV>-5o :^:^c. j^tofiH f 

02 ^m(Dmmi^m^^7^^]^x\^^^o t.tz. □{^Hf 02 
m<ommi§^m^<ommm^^\.x\^^^o 

[0 0 7 2] Mci^ma-i. m^(7)m^c^SHf '>y>5r-h 

TDDB (Time Dependent Dielectric Breakdovm 

measurement ) ^^^ff^J: 3 ^ i: «9 . 10 0 

ppm. mmmmm {Mosmm) o. i cm2 , 
1 0 OX:, ^imm&vc =—1 V, eot (s i 02ft 

nmm) =1, 5nm^V>9^f4=T-C% HfZ^U^—h 

m(D^mmmi±m^^m'^i.fz^^^m 5 ltv> 
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fifeji. H f ^^^/^^/^s i 02 t>h s i ^^^t^\^^H f 

[0 0 7 3] J: t?f^»l;i(i. TDDB^^(C;^l^P>H5 
«-!^ >^yUC0|6ji:M®«{l 3X10-7 cm2;i)^(b5Xl 
0-5 cmz ^-C?OffiHT-fc«9. ^lmmm.O, 1 cm2 

r y LTV ^ 9 ^s:gics-^< 
ite^lKffiffl 1 <^fi«tt#^=iteiS:]KffiS 2 (nmw&m^ 10 
X 2 /j^j^^S® 1 ) (1/3^ 

(mL^fil7^^/Wffi#) ^{^^Ly^o TDDB 
^g^^<DMS(l^ii.;^>^ 1 0 Ot:*T<7D|SHT*fc «9 . ?a 

Si oot:-C(omffli**^Sr*i«)S*^{;ifi. ma^fb 

^ffi^L/Co ^fc. ^g:*l 0 0 p pmTf^itStt^^ 
^^it^^^-g^fClfi. TDDB^g^tCj;«9t#ib^x/!i!7^:/ 

\mMmx*\v };.^^-K^f^Vz Vg = 20 

- 1 vx*(D\%m!^m^'^i^^^m^\z.\t. (vg (td 

DB^g^^) -V f b) /T p h (m LV f b XX-yyv 

Yy<i^ Yn&. T p h \mmm'^w-<Dm^mw:) <D^t^ 

e>#bix5, *^(^®#Eox (real) i:mi-'5fi« 
[0 0 7 4] H^J3^1i^7)^^/,^^r^£^^V^T^#^nfc|g|5^c:^ 

xi (±(^«W) ^aoyo^Ttci-rs 

mv>Slx.6i:. X2 ^7 0%^±{c-f5r 
Hf ^>y<5r-h ill O^J^Ji 
hfl^o fSi> l^5^C*5V^Tf^. *^<^m#Eox (re 30 
a 1) (C^UT. J:'9<£miE<RiJ-^(^ft«t£^^(D«^^ 
'f^fXi^tzMW^'^yf^\.fz.m. ^f\.\^{\^X. TDDB^g^ 
^(7)Vg i{*:fC^UT. Xti (Vg (TDDB^g^^) 
"Vf b) /EOT(^)^;j)^P>#ibn^. ^^^f^mM'E 
ox (effective) (C^bT. i «9 ffittMWcDft^'l* 

[0 0 7 51 <?:r5T% lll2~l2l4t^^i-^mi-J:5 

f ^^y h^tc:*5ft^xi = (sisa/ (si^ga 40 

+ H f SS) ) X 1 0 0 (1 2 3 %JeJl± 9 0 %\>Xr\CWC^ 
^tt^r ^;65$f^L;6>oyci, HI 5 (c^-f ^^t^ J: 

S<i:, Xi ^3 0%J^T(-i-^r mMf4#^ 

v^itK«^tc;[jP;tT{tffii4^m^t^Lfc^i'g'. Xi (7)$f 
*LV^j5SHft2 3%i^;l±3 0%i^T(C/^6o fiL^ 
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LV^®Ia^^3 0%i^T(^/c^'5o 

[0 0 7 6] H 6 ti, H f O2 MtcS^D-rS S i Si: . 

Hf02 m(Dm^^m^±Rmnmmt(Dmm^7rii.x\^^ 

So 

[0 0 7 7] 06 5 tCl, Si ^^tf H f O2 JK 

i:«9/c^Shigh-k>/- M6ii:J^tw:Jott5^a§ (m^) X(l 

LV^iSIS{iT= 6, 69- Xi +74 9. 4J:l9t> 
T{l[]<Z)®IST'fcSo ^<:o<^^. 9 0 Ot:(D:/Dir>^aii5 

h ^mmmf^Wi B ^a^S;^^ ^^^^ v ^ n -ir ;^ > 
'ft«tt<o;2^^a[Stai-tvf^S<, xi 3 o%i^JiTtc^ 

s i oNt:i{tx.Thigh-ktt-3|sf^y- hmmmmt lt 

ffiffl-rSir^tCPo 1 y-S iXflS i Ge^^y- h 
h^ithb^ T = 6. 69-XI + 7 4 9. 4 J: 0 t>TfifJ 

xh^K-oxi (i3 o%j^Tr*fes®iS;ei5$f^Lv\ r 
<:o<b#, 3^u-ir^*ig?Ea;05 9 0 0t:T-fc'5i:-r6<>r. 
Xi fi2 3%^±3 0%!^T^cWt^^nti:^fti\i^/S:hti: 

i/\ j^. 9oot:n. y->^mm. h^i-^^mmxam 
[0 0 7 8] ^jitciftigLfcj:5(-. mi<ommMm\^ 

;ei5>^y =1 V^^tfH f O2 mxh^tzib. m^y'vi^:^ 

^(omm^m\txoxm^mmmi i a^as^g^^ts-rsr 

)tnS<7)-C. y-hiteiS^Ml lo*i9high-ky-hif6ig: 
jt ( - *5 { 1 5 ^ n -t ;^ — V? > ^ ;^ t < -f- 5 r ^ T- # 

So 

[0 0 7 9] ^7t. ^ico*iffi?i^fii{c:j:6<t, 
SdKi i(-*5ftSii5Pli^JKi 1 a(DT(illc:, i^y =3 

V. ^^2a:t/^^^^tfTlfI5^^y TMl 1 b;&5;|^^ii--5 

a^m^iK 1 1 a t y =1 >^S« 1 0 <h 
s r ^ $rl»ihT'# So T&c^<y rKi 1 bji. 

i^K^^l^l 1 a 4>C0®^^jC«toTt^y =i^S4gl OdS 

«i o<7)*®(c, s i 02 mtmmsL<D)AMn.m^^'t 
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[0 0 8 0] ^/c. mi<7)mmmmi,zx^t. r^^^y 
rmi 1 biz. mmmmmi i a tmc^m. MtP^^^z 

1 o%^±mx'r^ (o^J9X2 ^10%) :it{z 

TUy<})rmi 1 bJc*5(t-5^/y =^>'g-^l:;d5:^t<nc 
(J.f^6tJtcfiXi ^9 0%Xh^t) , It^ 

m^;ds^Siici£T-r5o -r?:^^3»"^, TSP^^-^yrj^i i b 

t\cmL^x$^m\m^mx$>^o 

[0 08 1] ^fc, mi<Dmmmm\tx^t. ^-h^^& 20 

j^i 1 c^m&-r^tz^^. ^-hmmi 2^(Dun (* 
^jfe?^^T'ji7Ky v^y =i» ts mmmmmi 1 a^(D 

m;5>f^±-r6o ^fc. ±a5^<yTMi 1 mmmm 

rm 11 c(Ditmmm^m<x^. ^t^iz^^x^y-h 30 
^^mml i^i^<D^mmm^m<'r^:it:d^x^^o 
[0 0 8 2] j^. mi<Dmmmmi>z^\^^x. mmmmm 
1 1 a mmmmmi 1 a i^mzixPLxmmmmmi 1 
a truy<})rmi 1 hRv^yxn±ny<VTmi 1 c 

(S iSS/ (S iSS + H ) X 1 0 0fi2 3 

%UiL_h9 0%J^Tt-^^$tt^r^;a5»*LV\ 

<b^(c, 9 0 ox:mm(DmMmizM\^xhmmmmmi 
1 a (D^^eit^nm 1.x xf&mzmm I. fzD-^mmm 40 
m^f^±x^^o i-*t>-ib. ^^'-hitei&iei ic^it^m 

mmiz^-^-t7b>x^^. rcD^#, f«^®^)^i 1 a 

(;iS3ttSXi fi2 3%JeJL_b3 0%i^JLT(-^3&^tb5r 
^tc*4F^ Lv\ zcox.oiiZ'i-^t. w]3^(D^^J,zm 

^x. mmmmmi 1 a 0^(9 hi&mmi i<Dmm 

^c^^:^^. Xi ^3 0%JL^TtC53:^i-6fcttT% h 



-So 

[0 0 8 3] *fc. ® l<7)^J£Ji^ffit;i4oVNT. y-hite 
»JKl 1 ^«^i-5iSK«^t^J|s^i: LTH f 02 $^fflv^ 
fc^a^ mtCftx.T. Z r O2 . T i O2 . TazOs. 
La203. Ce02 . AI2O3. XflBST (^^y^7i^ 

V\ ^VMi. HfxAly02 aabx > 0Ji.Oy > 0) 

^<D3j€Jkmit^^m\^^xhx\^\ s6:o^^^, j^JitciiE-^ 
h^m\^^xhx\^\ 

[0 0 8 4] ^fc. mi(Dmmm^mz^\,^x. Tsc^^y 

rmi 1 hRXf±^y<VTmi 1 c^^i,fti7!)K y-h 
mail 2 0*ti|sf^<0i^«tcj;orfi. TU^<vrmi 1 

hRxfyx\^±Uy<Drmi 1 c^^{i-f£<xhx\^\ 

[0 0 8 5] ^fc, ® lCD||^£?i^ffi(c:ioV^r. <>*~Ntt 

ffii 2^Lr;jfy ^/y z.tnz{Xx. 

T i Nii<^ A 1 mtcDmmm (Tmi^^T i nj^) . 
Tarn. T iNmy^^T aNmmo:>^mmx^fj:^. 

^m^. m^mm\zs ixnGe^m-^xh^^\ 
[0 0 8 6] 2 commmm) ^r. ^^^mcom 2 <d 
^mmm{z9hh^^mt^mm:(Dmmi7m. :i:fls:W(c:t:±M i 

[0087] HI? (a) - (c) RXJ^m 8(a)'- 
(c) fi. m2iD^JgM^tc>S5^»«s:3SH<75Siat*'ft 
J7)^X^ ^ ^-r 0^® HI ^ -5 o 
[0 0 8 8] 13 7 (a) iZTjk-r^OltZ^ pMi^V 

(10 0) a«2o±{c. ^^^Btiteig^js (0^^ 
i^mm. 2 0 (D^m^zn lt^^pr c Ai5fer^^t;^#'«RH f 

9tW^^1^tS:Oo ^O^. 7 0 0*CSS<^)MSTT*NH3 

;^;^^ffii/^rj?:^ 0. 7 nmS^gcDv-y ^^^^b^ii:^ 
(Si3N4]^) 2 1 A^v^y 3:/stg2 o±jcffMi- 

^<Dt%. S i3N4JK2 1 A^»(Cfi7k9S!05+5)'(C®t 
^9r^tl.^o i^. S i 3N4^2 1 AfiSj^WtCTSU^-^y 
r^2 1 m7 (c) 

[0 0 8 9] mz, mi (b) ^^-7=^^ 
ix^^tfy— ^^y ■t^^>fflV^fcCVD (chemical v 
apor deposition ) ^tC J: "9 . 5 0 nm^Sco^>:7 

^[>i^;^^i^>r K (H f 02 ) m2 2 A^v^y ^^-ss 

2 0±{C?^^i-So Jr#:6^Jc«i. ?S«s:h f y-J^^T'foS 
Hf — t— butoxide (Cie H36 H f O4 ) 4^ 

(c, =^-vyir;^/^T-Sb5^^ (N2 ) ;j5f^Srii-rr ^(c 
.toT. Hf-t-butoxide ^^^:/y 
THf-t-butoxide ^mt^^^o t LT. 
^^f^ LfcH f-t-butoxide ^^t^Nz 

mitMxh^m.mmm (02 ) :^:^t^i,z^ >^y=i 
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5 0 O'CmScOMSTT-RTC VD (rapid 
thermal CVD) ^S^^jToTH f O2 m2 2 A^M 

[0 0 9 0) :i(Dt^. s i 3N4M2 1 Afi. m^tm<D 

O2 :^y^{CX0mit^tlXSiONm2 1Btfj:^o S 

1 ONJ!l2 1 BJ±, ixy =i>^S«2 0 f O2 JK2 2 

«2 OJitrS i 3N4IK2 1 A>Sr?f^^L/c^. Hf02|g 10 

2 2 A(^J^^^(;iS i 3N4M2 1 A^mitl^XS i ON 
J!g2 1 B^J^^£LTV>^;i^ S i 3 N4M2 1 A^fl^^i" 
Sr^/j:<, Hf02 M2 2 ACOfl^^mii^lv^y 

2 0(7>S®^ N2 0;J^f>^^^ffiv^-c^^bi-'5r iricj: 9 S 
i ON^2 1 B^a:^?FMLrt> 

[0 0 9 1] ^fc, HI? (b) (C:^-rXS{C:JoV>r. H 
f02 m2 2A^i,z{^, Hfy—::^^ic^^ti?>yKm 

(H) ;d5g^{-:^«9 r^tb^o — Hf y-;^^tC'g^ 
^tt^^^ (C) fi, mitm(D02 :^:^{:i^^m^t^n 
TC0XtiC02 <i:/^o-C^'W^<-P^;i>t^#M$ti 20 
5o ^-^^ w^-F^tcfi, H f y— ;^Srfll^i--55c 

5 0 ot:mg(D?uSTT*HN2 

[0 0 9 2] s I MS^ (2J$fc-f {cj: 
«9Hf02 ^2 2 A^5>#fL3^c^ H f O2 1^2 2 

A^«^-r5^i?/.C7t;^«H f ^OfO-Cfcofc. Htz. 
H f O2 M2 2 A(:ifi3 X10i9'-4X10 20 [atoms/c 
m^] MScOCi:. 5 X 1 020 — 4 X 1 021 [atoms/cm^] 
mS<^H^;ei5^:^^nTV>fCo 30 
[0 0 9 3] JSfciC. Hf02 K2 2 AtC^LTlRtoS 
(JL^T> PDA (post deposition anneal) ) ^tf^Jt 

00 PDAf^. m7L\^. m,m^m%^\z^\^^x 7 0 ox: 

Si ONM2 1 B i:H f O2 IK 2 2 A^CO^^ 
Wotted CS^^b^m 9 (a) - (d) <Sr#^Lnc;d5P> 

u\.<mm'rh. mraicoi PDA(^)ll^6H^^{c*5v^ 

Tfi. 1119 (a) ^(C, S i ONJK2 1 BRXJ' 

Hf02 1^2 2 A^i-^t^-^*tl**^-g•A/r•v^^, 

T% PDA^^i£-r5<^. 0 9 (b) Jc:^i-ct9{C, S 40 

1 ONM2 1 B^T/H f O2 m2 2 AiD^in^M^hi^ 

mt^i^miJ:^t\.x^3km\cmMir^^^. m9 (c) 

(^l^-Tct S i ONl^2 1 B^t/H f O2 M2 2 A 

-tLT. 1119 (d) {z.7v^^^o\z^ rtL^co^dFL^^L 
Tv'y =i>^S«2 OX*:±S i ONj]l2 1 B^c^^i^-5 
y=i>';&SHf02 M2 2 A*Jc:fe«fi:-t-5i:*Jc, HfO 
2 JK2 2 AtC^^tt'SH f id^S i ONJli2 1 B«f (dlfcifc 
•rSo ^C7)^^, |gl7 (c) tC^-rj:^^-. fSi6<}^^^ 
(Diffiv^v^U ^iv-^Wh f O2 1^2 2;d5fl^fi}t^tL-5i:* 50 



2 JK2 2H. Hf02 M2 2 A;e»5v^y =i>-(^&Sfir(c:J: t9 

y Tjgi 1 b ^bi^^T'^bSo 

[0 0 9 4] i-/^^:>^, PDA(C<¥5H f O2 IK2 2 A 

j^TJ^S i ONJ^2 1 Bf)>(b<D7i<.mfi$Lm\^X.^Xmf^^tl 

s^?Lti. H f i: s i t<DmK^m^iS:m^^^^^^ 
r<?:ii. yi<^mmsm^mm{cLx^iim^^^s,\c'r^t 

COPDA^^TJtf^fctt-e. Hf02 JK2 2 AtCS i <£r^ 
«9 5^^T'^«)^^t^^7)iSV^>-y rn:/-g-;ft-H f O2 J^2 2 
$r?l^^T*t^,b*(CS i ON]^2 1 B(CH f ^J^L^^/u 

xitmmm<oM\^^Tm^<])rm2 I (ut^ms ion 

m) ^nmx^^o t^^oT. v^y^>'^WHf02 ^2 

2 2^T^Ta5^^y ri^2 1 ^-g-t^y- hte^M2 5 (HIS 
(c) #m) LTco^6^^^ttt^eir^X*^'5<lr* 
(C. -y-HjteigilK2 5^flci:LT<DjtKS^tJ^^«j(c 

[0 0 9 5] i^v^i^^mnfoz m2 2<Dmm 
^m<mit't^:itiiZXox. ms (a) {z^-rxo 

itmn^(Dm^^m^2 0nmU&<D±^y<])Tm2 

s^j^^-r^o 'rti:t>^s ±u^<vTm2 sit,, 
-g-tf-^^y = :^^WHf 02 mx^fji^o ±n^<vT 
m2 3 (DMri^^f^m^nm i(ommmm<o±t^y<D rm 
lie tmmxh^. 

[0 0 9 6] ms (h) tC:^-ri9tC, ii^^P^^y 

rK2 3co_b(c, hsai,h/j:-5^y i^y =i>-JK2 4 

^mx.itcvDm^mi^'xm^'r^o ^(T^m. v—hm 

T. y i^y =i>^jK2 4. ±gi5^<y rj!^2 3. v-y^v 
^^rHf02 M2 2^u^T^v^y rM2 1 {c^bT]ii^5)c 

K7>r^:y^>'i/^ffne 5o rtilcj;i9. HIS (c) \z. 

TSP^<yT]^2 1. i/y 3 v-g-;ft'H f O2 

M 2 2 iBLXj^±My< y TiK 2 3 (o«e«at ^^-r ^ -y- h 

^^^2 5^^LT. v-y =i^^S«2 0±(;iy- hffill 

2 6;65jj^^^ti^. y—hmm2e^-^>^^t 

LT. vy =i:^S«2 OtC^LT-t':^>-iiA^^T?'^o 

mmyL^'^^fz^. 9 5 o*cms«^msT"C3 os?^g 

S<^^^S^tT?:^ 9o i^±(^l5J.0>gLfcX^l:i«tor. hi 
gh-k^- hiteigrl^^^-r^Mi s^mi^^mh^^^^:^;?^ 

[0 0 9 7] iiJi±jctft^Lfcj:5t-. m2<Dmmmm^c 

X^t. v-y =f VS«2 0±{;i. ^^^^tfHf02 ^ 
2 2 A<Sr?i^^U/cm. Hf02 2 2 AiCl^f UTgft^S 
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(PDA) ^mj:^x7i^m^m&^'^. ^tii.cxv)mfi^ 

fzib. H f O2 m2 2 A^\ZiyV ^^^^^^m^^-^-^ 

>'^*'Hf02 m2 2(Dmmit^*^mt^o mi<D 
mmmwixm^fcxo\c^ i/y ^v-^^Hf 02 1^22 

i6> '>y ^i^^-g-WH f 02 m2 2(o±u^:^>mm^^^ik 

y =r ^-g-;fi-H f 02 m2 2^m'r^^- hmmm2 5. 
«9high-ky— hjte^^(-y--^««;05^c5r 

[0 0 9 8] ^fz. m2<Dmmmm\cx^t. ntoi 

m2 2A^mi^ir^m\z. v^y ='>'g«2 o_h(c. y^m 

^^tj>S.i3N4^2 1 A^?i^^-r5o f^. Si3N4M2 
lAH, Hf02 IK2 2 A^fl^^-rSt#(-K{fc$ttT 

5 i ONJK2 1 Bt^Ji^o ^<D^. H f O2 1^2 2 AtCl 
MX^XPTyA^nt^O t^[C^ SiON^2 1BtC^^ 
n^v^y =^^^^H f O2 M2 2 A'f (llt^tfiC^it-So ^ 

S i ONJK2 1 B;!)^b7Km^JU£«l$i^:. ^tl\CXr> 
J^f&^tlti^ll^^\.XHi O2 M2 2 AtC-g-^n^H 
f i ONJi^2 1 B+^C^£tfi:$-frS - irtcj: <9Ta5/^ 
y TJK2 1 ^J^^-rSo rcDfc46. Hf02 Jg[2 2A* 
Idv^y n^-^^Htc-g-^-lir^r <h;0^T'#6o ^/c. Hf 
O2 M2 2 AXfiv^y =3>'-g-;ft-H f O2 ^2 2 ^>-y =1 

/^y rM2 1 tc, i^y =r>-^^H f 02 1^2 2 iri^CH 

f ^-g-^-^i-^:! i:;^5r-#6ybai!>. TlfU^< y T^2 1 (7)it 

[0 0 9 9] ^fc. m2fO^J6Jf^^{cJ:5^. H f O2 
J^2 2 AtC^UTPDA^tTT^^pX^^. h®<S2 

6 ^;^^57Ky v-y =3>'jK2 4^j^^-rsxsi:(7)ra(;i. 

:^y=rV^^Hf02 ^2 2CO^®^^^bLT±a5/<y 

r^2 3i^ji^^i-5, ^(Dfzi^^ ^—YmM2 %^<D1^ 

^^(»ihi?#So Sfd. ±a5^^y rK2 3tc. 
v-y :=i^^^^H f 02^2 2 <t[^i:H f ^-g-^-tir-sr ^ 
t^xt^fz^. ±M^<^jTm2 3<D]^mmM^m<x 

[0 10 0] *fc. m2<Dmmmm\zx^t. y^y=^^ 

Jc'^HfOz M2 2 A^?i^fig-r6fci6. Hf02 JK2 2 
A\z.i^m^mn\z.^'^^^ i: f)^Xt 
[0 1 0 1 1 j^T. H f O2 m2 2 A{;i*fLTPDA^ 



So 

[0 10 2] Hi Ofi. IS^^StCj:orH f O2 mt^h 
lii8iL'CV^<7K^^. TDS (thermal desorption spe 
ctroscopy ^mmM^%) iSfefc: JloTSiJ^Lfc^:?:^ 

73^LTv^5, EI 1 o^ciov^r. iSteni^^SMS^^L 

10 h/^^S^^Lrv>S3 Hi OtC^i-J: ^td, 

^^n^aig/iM 0 ot:mS(-^i-s^> Hf02 
{z,f^mi^fz.i^m^^<D^m^i^^titz.^^ 5. 6x1 

020 [molecules/cm^ ] ^ V> 9 ii5V^SS*;6S#^*xfCo * 

y-c. Hi oic^i-^sdj:^^. m^m^^mt*^ 7 0 OX. 
u&<Dt^\z. um:^m<oi(k^mt^miy^<-^^^x\^^ 

20 5o t^oT. PDACDMSi: LTfi7 0 Ot:^^;5^Sii 
T*fo*), r(7>j:3t-s:^-rsr t(;ictor. h f 02 ^ 

\z^^fh^mm\f^^m^mM^'^xii f 02 a^^st^ 
[0 10 3] iiit^ mv^n f y— ^T**)5>H f - t - b 

u t o X i d e ^m^^fzCVDm^X.^ S i SS±J-JF^ 

fR^S 1 Ot:/5» ^^T/J:v^/Jr;65^b. S5:& 

S?t^®fc5TEM (transmission electron microscope) 
^^V^T#Mq^<7)H f O2 MtO^{l:^^(7):^a^LfC(^ 

30 ^T(Dz,ttmm^ntio -r/^t?-^. (Hf 
02 m(r>mmm.m x\t. s i sffi<7)±tc, s i wi^t^ 

#<E.oH f J[S^;6>{^/^V>#ffiS (S i ON^2 1 B ^ 
<E.oH f J[^^;55#V>H f O2 g;&S#:fti-5^ -^(^^. 

m^^±^frv^<^, 6 2 ot:;e>^p5 8 5 ot:*-ccDMS 
^hS ilg^;as^J;'/^< J.oHf O2 8J: t) f J!l^;ds 
Q OX:xM\U.T==-—;v^fff^^tL}iZ,h. Hf02 

40 nis.^WLmt(Dmmmm. (^>y =^:/^*h f 02 M2 2 

[0 10 4] i^, ii^OPDAcD:^^, #Mi^^755 5 0 

n^mi^ 3 os>sstsv^<DT% Htjaioii55>»?«gi^®T 
^M\:ix,^mu.^<D^<Dm9i^tMet\.x. -y— 

v^3i-/h (fSAl^) ;0^ffia6r/h^v\ :i(Dfzib. PDA 
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^i-^</c^5^«. mm^fj^^mm (T^y<VTm2 i 
(Ccj:5Hf02 mcom^n. uigh^k^- hf&mm(Dmnst 

ii^a)H f ^^fflV^fcC VD&tCj; 19 H f 
02 M^J^^L. KHf02 l81Jc:*!-LT. Wj&com^m 

rfj-r. -^O^m. Hf02 ®(^f^6^^^^±(7)SkS. ^ 
[0105] 011 fi, Hf-t-butox ide^ 

0-3. 3nm<7)Hf02 JK^fflV^l.oy- hSflli: L 

ii>(Dr=^—/i^^9 0 ox:. 9 5 ox:rxj^i o 5 o'xzxn 

fco mi l{C:j3VNr. ^t^lSf^y— h®JE (Vg) 

{fi^^LT:Joi9. Afll 0 5 Ot:r*fSi^S^fT/«^o^Ccb 

[ 0 1 0 6 ] HI 1 1 JC^-Tct Hf-t-buto 

X i d e:fy^^mf^^tlti. H^^tJ^H f O2 JK^ffll/^fc 

y<i^^t i.xmK.o ^mm-^i o 5 ot^Ji^^tct^i^uT 

V>-5o -r^'cCt?"^). H^-^t^Hf02 MtC*Dl^Tti, PD 
AliZX^ykmaimi^^oXH i RXfS i (T^fflSltffi:;^?® 

^Hf 02 m(D^t^mi,:ihs i^mm 

Lfc^-g^t^i^sv^Tti. m 1 t-^-r J: 1 0 50X: 

mstxi,^m^^m^mmm^7f:i.x\^^^o 

[0 10 7] m 2(1. ;^c^^^*7:^v^y— JrftcW 

(Cii. Hf-nitrato (Hf (NO3) 4) 

^M^W^S, 0-^3. 3 nm(DH f Oz M^m\^^K^y 
- hm^<?r LT?Ky v-y =I^/^ffiV^yhMOS^•r^•^v'^5' 

?§tt{li-t*5/t^<DT^— 9 0 0^. 9 5 0X:RXJ^I 
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1 5 Ot:T-fT?fcof::1^(cS«flO^O Vi: UT^- h^ffi 
(Vg) ^^LT*3«9. ^a^^LTV^5o * 

CO^ft(^S'J:£ffi^^LT*5«9. Afll 1 5 0lCT-fa^S 

[0108] m 1 2 f^^-Ti: 9 H f - n i t r a t 
ot)>^J^fS.^tltc, H^^^/c^l/>H f O2 flg^;^V^fc:© 

0 Ot:^^*T*T'fc6o im iSt/EIl 2{c^-r^:S:Sr 
^lii^ilMffitl 10 5 ot:sSi!^-b-cfe^-*. H^^ 

9 0 ox:mmx^^o 'r^j:t>^. u^^t^nf 02 
m\^^fzm^(D:^^K m^^m^i^n£umi^m^x 1 5 0 

[oio9]igii3n. Si mmys i Nm/n f 02 

20 ^(CioV>T. H^-g-tfHf02 Jg>S.U^H^-^*/cCV^H f 
02M^^n^HMl^5t«^co|R«j^^f4^it«bfcJe 

::^^/Ui;i^LT. mm^m^'PX9 0 O^CTb^b 115 0 

t:^T*co?aS(7>^mbT^->'^^3 o«?rafT3:co/c^ 
(Vg ) ^mi\i.xv-^mm.jc oay^^tT/c^oyco 

^fci. H^-g-tfH f O2 Mf^H f-t-butoxid 

-g'^/c^VNy-;^^ffiv>fc^'g^(oy-^m?t JG cogij^jfi 
^^Lr43i9> DfiH f-t-butoxide ^ffiV^ 

[0110] m 1 3 fc^-r «t Hf-t-buto 

x i d e/)^^mm^tlit. H^-g-ifHf O2 

40 T. H^-g'*/^v^H f 02 M^ffiv^fc^i'6'^-^i. f^^^t 

«9 H<lr^ti^H f O2 m^m\^^fcm^t]:t^X 10 0 

m^mi^^tcm'^i^n. H^-g-^/.cv^H f 02 iK^^vNy^ 
t it^xxf&±^mm^ 1 0 0 0 1 msje^Ttc 

10 1 1 1 ] ^fi. v-y =^i^S«±lC. Htr^t^H f O 

2 i^:Rt/H^^^/^v>H f 02 m<D^ti^^ti^mcmm 

mm (3nm) T'iiabyc::^^tC. ^Diil^^tP^H f 
50 OzmcDEOr^m^i^fctZ,^. H^^tfHf02 1^ 
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O2 m^m®\^fz.m^\^l . 6nm-efcofCo I9 , 

m i^tcm^. i: H f 02 t (orsx* s i ^u^h f 

[0112] ^yh. i^y H^-g-tfJP^ 10 

3. 5nm(7)Hf02 m^mf&Lfz^ik. f O2 ^{C 

^LTPDA^^ (8 0 0t:> SOm^) ^n^J:\^\ ^ 
<D^, MgKa^^ffiV^fcXPS (X-ray photoelectro 
n spectroscopy) J: t) H f O2 S 

1. O^U^H f ^fiij^Lfct PDA^S^cOHfO 
zmcom.f&i't. Hi^^O. 60, Si;650. 49, Ot*^ 

2, 0 i:5>«f$tty5io i^. XPS^£lCj:;5aij3£(cfeito 

^(Cj:oT, «im^^^2-3 nmS*tc:S^L^o ffi 20 
j^^(D^mX^. PDAMil^<7)H f O2 MiC:}oV^T^i. 

[0 1 1 3] (gj 1 4fi, Mos^^y<^>^cD^^tmmx-^ 
SHf02 JK (TK^-g-*) iizMi^xpuA^nf^^tcm 
^i-^n^. Hfoz mf^mm^i^<7)^mmmt. mos 

Mi^mz^t. cvDjsfe(-J:l9H^'g'tpHf 02 JK^^ie 

L/c:^. ^Hf02 J^tC^LT. m;^^f?^ 6 0 0 0 0 P a 
(4 5 0 t o r r ) (D^^^IS^'fiT 8 0 Ot:, 3 0©? 
raoPDA^fTnci/\ ^(O^s ^—hmmt^J:^:^Viy' 30 

y =ivig^it«uf^o TKy i/y =i>K*-«-LT 

'r^V?iA<^?T?'ceo;^c^, 1 1 0 O 0 0 P a (7 

6 0 t o r r ) (D^^#H^c|5T*9 0 Ot:> 3 0#Ph1<D 

— 1. ov(7)y— hmm (vc ) ^mui^xu —^mu 
^y>^y;^hy-jfe (M^m ^mr^^xm^^ 

tifziyCDXh^o -^fz. it«5<7)fcie). Hf02 ^l:i^L 
r P D A ^nti: b XS^^Bf& L fcMO S ^ ^D1^ 
>:7'/K;lov^Tt^, Hf02 m^mmk(ommmm-}i: 4o 

MO S dr ^ ^> ^ Jl^^^ (7) y - sag OB8^ ^fg-< 

[0 1 1 4] mi 4iC^-rJ: PDA^tf/c^ofc:^ 
'g^CO:^2!iS, PDA$r^T?:^^^tCV^:#'&tit-<Ty — 
Jg ^/h$<«3^jT-trv^53 wttfi. PDA{Ci:oT 
H f O2 J^*ics i ;6St[t«fc-r6*Sm> mm\LTz=^-jv\:L 

^imi<Tyyio%^^y<i/^\z.^\^xwiOi mco^w^ 

fll^jT*#ytt>C0^#;tbtb6o Si-g'WHf 02 50 



jft*tiySii:#x.^tv6o mi 4(:i^-rJ:^t-. P 

DASrtr/^oybS'g^tcijoftS'/- h y -iJ'mSfcJliM^a* 

fi. H f O2 ^<7)^fe^g|Mil:;^|5/J^$ < fi:^\%,}iWm\z.-m\. 

>^LTPDA (Tjf^ h . •r';J<v^v'3 > • T::^— ^tf 

y-^5^mSK$:^«fc^mWfc<S«-C#-5wi:;J5?f|^ 

[0 1 1 5] i^. ll2co^JS?i^^t;iioiNr, h®:^ 
2 6 ^ LT5j<y ^>y =i>JR2 4^ffiU>fc;ei^ 

02J^2 2CO*®^^^bL/cm> hm=^2 6 .^/.^^ 

T i NBi&ofA im^^y<y^v i^i^mzx^m»imm 

LT4>J:V\ ^V^^i, v-y ^irV^^H f O2 1^2 2(7)^ 

TtictV^ ^V^fi, v'y=i^^WHf02 ^2 2c7)^ffi 
^^>ft:i-^:i<!r>^cC<> T i NJKXfiTa Nj^^^itab 
■Ct<t^\ :^(Dm'^. T i NlKXfiTa N]K*^(CS i 3^ 

2 e tvx^mm^m\^^^m^. ^mmcomf&miz^ $ 

^(d^^S (PMA : Post Metal ization Anneal) 

mi,cMi.xc-v9m^rf^j:b mmm^<Dx^mt 

[Oil 6] ^fc. ^2C0^:te?f^^tc:JoVNT. 
^K2 5^«^t-^ii5^m^W<sf^ L-CH f O2 
fdJdS, w^^^^f^;tT. Zr02 . T i O2 , Ta205. 
La203. C e O2 . AI2O3. XflBST y A 

V\ HfxAly02 (mUx>0E.Oy >0) 

m<D3^^mi\:.m^m\^^xh^^\ \^js±.\zLm-< 
[0 1 1 71 ^fc. m2<Dm:mmm\zitd\,>x. mi^^t 

y--^:/y — 1^-efe5H £-t-butoxide<^ 
fflV^ytCVD^fe^cJ;l9H f O2 ]K2 2 A^iti|bfc;ei^ 

^•^A^^^tfftfecOH f y-;^:7^y h 
^:^r:^>?^^>'L-T^ hV^y^:=^^i^ (TDE AH : Tetrak 
is diethylamido hafnium ^ Cie H40 N4 H f ) , T" h 
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7=^:^v^>^/UT^ /^N:7^e7A (TDMAH : Tetrak 
is dimethylamino hafnium^ C le Hse H f O4) ^ 

(H f (MMP) 4 : Tetrak is l-Methoxy-2-methl-2-p 
ropoxy hafnium. Hf [OC (CH3) 2CH2OCH3] 

H f y— :^>^y ^\x.m\ f - n l t r a t o 

(H f (NO3) 4) tK^^-^OV-^;^;^. «?yx.f^ 

Xh^^\ y^y^iXiJ'fe^cDP VD (physical v 10 

apor deposition ) TK^^-^t^* 

^fi. (Hf02 m) ^{C7i<.m^mmm^^ 

[0 1 18] ^fc. ^2<7)^^feJi^ffi{;l:^oV^T. H f O2 
M2 2A3mS i3N4^2 1 A(CBlf^(^ifelS (^?L?!^^ 20 

^^m^i2:^^^xh^\^\ ^nm^m^mti^x 
(1. 6 0 O'-s 5 ot:5esco?aar*H f 02 i]^2 2 AX 

fiS i3N4^2 1 A;0^P3;^:^<^ L J^orttt- J: 

^St>c^T*fenf^J:V\ ^7t. H f O2 ^2 2A^U?S 

1 3N4K2 1 A(D^tl^*tl\:i^^tl^^ll^^m^«7^^ 
mti:-^Xl^XhX\^\ 

lO 1 1 91 ^2c^^JfeJi^ffitC4b^V>T. i^V=^>' 30 

:K-rmt^^nfj:o :it\zX Ki S i 3N4J^2 1 Ao^ ^9 
TSP^-^y TJK2 1 ^J^^LTtxtV^o ^V^fi, Si3N4 
jK2 1 A^?^fifei-5r i:/^< , H f O2 JK2 2 ACOfl^fig 

tudi^y =i^^S«2 0(D^®^ N2 0;J^/^^ffiv^TS{h: 
i-^r irt^J; 19 s i ON^2 1 B^iE^jf^^LT t .t 

v\ Hfoz m2 2A<Dmmm^(Dmm\^mm 

i:/^5M*^*coia^mflc*fe8:JK^>'y =i>'^«2 0± 
\^mi^Mm\.xhX\^\ 40 

[0 12 0] ^fc. m2<Dmmmmii^:i3\^^x. ixy=»>^ 

^^Hf02 ^2 2(c:^Lr. T'lS^^ 

2 3^m^l.Xh^\^\ hm*i2 6 <i:/.^6 

^ y y =3 2 4 <Dm^mm\cmm:^^ ^^A-r s r 
^{cior. i>y ^i^-g-^H f 02 m2 2(Dmm^^it 

i.X±^y<])Tm2 3^m^l.XiiX\^\ ^VMi. Hf 

02 m2 2A<Dmmm^(omf^mmxmm^'^tj^:^^^ 

^A-rSr ^tCtoT, Hf02 fl^2 2 A(7:)^®{|lJ{;i. 

±sp^^'y rsi2 3 tfJ:^mm^^<Dmmm.»^^mm^m so 
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[0 1 2 1 1 ^fc, m2(D^mmmic:^\^^x. h f 02 

^2 2 AlC^LTPDASrtr^'.^oTv^y ^^tl'^H f O 
2 IR2 2^?^^L:/b^. v^y =i>'^:firH f O2 K[2 2(7> 
^®^^^bLT±^^<y TM2 3^JfML/c;6^ 
iXTLX^ Hf02 M2 2 A<^^®^^{l:LT±a5>'<y T 
m2 S^mmSLLtz'^. HfOz JK2 2AIC^LTPDA 
*=fir>ior^xy =i>'^;^H f 02 K2 2$:J^figLTt J; 

[0 12 2] ^ti. m2<Dmm^mzio\^^x. T^as^^y 

TK2 1. i/y =i>'^^H f O2 m2 2RXJ^±^^<VT 

m2 3 (Dmsmi^±m^^m^^m Lx\^^x h 

[0 12 3] -^fc. ^2(7)||Jfe?^ffi(C:JoV>T. ^7 

(b) tc::^i-xSt;i*3VNT. :^-r. :^<kL3tHf-t- 

b u t o X i d e^(7)y — ;^^^-^ ^^-^^^ F^{C3^ »9 :i A/ 

^-y^— f^co^aS^^M;6^b#MLr 3 0 0-50 OX:m. 

t--r^<^. {g:?aTT*v^y =^>'S^2 0±t;iH f 5>T-^-r 
t^^<Pii«r^it^r <i:;05X*^5yti^). H f O2 Jlg2 2A 

T^^^Hf02 (D^fB^S;0>fir 5^T'C^^ ^-^^^zL-^- 
v-a V^P^^M<T*#So ^hiiC. Hf02 jgi2 2Ai: 
v-y 2 0 ^(Or^fCff^^^n-S^BS (Si ON 

M2 1B) ^^<-r5r ^;5>T-#6o 

[0 12 4] ^yh. m2co^^gfl^^^;l:^o^/^r. m? 

(c) (C^-rX^TffiV^^tL^PDA^C4bMt6^^S?a 

a*l 6 0 0 X:JKJIJi J.O 8 5 0 X:UTX:h S r ^ L 

rcDj: Hf02 J^2 2 A;6^^7K^^^ 

^(cfljiBt^-itar ^^5-e#, ^tiiiCX-DXHiOz m2 
[0 12 5] ^/c. m2(7)mmmm\cm^x. i^y 

-g-^ft-Hf O2 ^2 2(Dm^^HfxS iyO (mbx>0 
(x+y) +7 4 9. 4X^^:itf)m±\.^\ :Z(DX 

v^y ^^^-g-WH f 02 ]5^2 2^^-r6y- 

^liZ^t.^ T^6. 69-y/(x + y)+749. 4JL 
Oy/ (x + y) ^0. 3 0T'fc6ri:7)5»^UV\ :i 

(DXoiZ^-r^t. v^y v-^;tH f O2 ^2 2^^-rS 

[0 12 6] 

tt6o :icDtzib^ hie^-k^-h^^&^mmlicv-1!^mm7^>>± 
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im2] H f 02 {zmM-r^ s imt. h f 02 coj^s 

[0 3] fe>«r?fc>^c3-fexSi5iiLS(C^lSLT*ii6btt 10 

im4] Hf 02 m^zWim-r^s imt. Hf 02 

m5] H f 02 fmi,zmm-t^ s imt. h f 02 ikcd 

me] H f 02 ^(c^^-r 5 s iMt, H f 02 1^(7) 

II1I7] (a) - (c) \'±:^mm<DfS2<Dmmmm\:i^ 

tins] (a) - (c) n^mm(Dm2(Dmmmm\c^ 

10 9] (a) - (d) ^^:^^m<Dm2<Dmmmmitc% 
5 ^*flcs^ec^Kit*i^«-*5 ft -5 p DA<Difm ^u^^i- 

1010] fSi^Si-J:oTH f O2 mf)^^fSLm\^X\^^< 

-So 

[011] ^mm(Dm2<Dmmmmc^^^^mi^mm(D 

mm^m^^^lr^H f-t-butoxide 30 

T. Si^s«tiic-va'j;ESrtTn(:oyhjg«$r^-r0r*fe 

So 



[01] 
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[012] it${5^J<h LT7K^^^^/c^v^y~>^^^v^yt 

[013] Si m^x s i NmxH f 02 my^ y v y 
HSr^i>Hf02 js {:^mm(Dm2<Dmmmm) rx^h 
w^s^i ^ it 155 L yhs* ^^-r 0 T -5 o 

[01 4] MOSdf^y^i^iJrcojffeiS^JKT'ib-SH f O2 Ifg 

tc^LT. :^mm<Dm2(Dmmmm\z^^^mf^m@:<o 

10 y =2 vs^K 

1 1 hmmm 
1 1 a mmmmm 
lib ras^^yrj^ 
lie ±n^<vrm 

1 2 h«S 

1 3 ^mmmmm 
20 y =1 >'S« 

2 1 A S i 3N4IK 
2 1 B Si ONJ^ 

2 1 TS!^y<vrm 

2 2 A HfOzm 

2 2 v-y ^^--^^H f O2 19^ 
2 3 ±^y<VTm 

2 4 y ^> y =1 vj^ 

2 5 hJteSIK 

2 6 ^-hmii 

2 7 ^i^^i£tfeg 

[02] 
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IIS) 3] 



A 


B 


750 


^0.1 


800 


^7.6 


850 


^15.0 


900 


^23.0 


950 


^30.0 


1000 


^37.5 


1050 


^45.0 


1100 


^52.4 



A:r QtXMSffi 

(SiSft/(Si»ft4Hfjlft)) x100[%]a>9£ffliSS 



im4] 

xi=(Siiift/(Siiifi4Hfas)) xioo[%] 

100 80 60 40 20 0 

30 I ■ T , , , , 




x3!=wmsuQifmm*s\m&)) x ioo[%] 



[1^5] 



[1^6] 



Xi=(SiM/(Si»S^fSJS)) xlOO[%] 
80 60 40 20 




20 40 60 

X2=<HfM/QffSfi^SisiJft)) xi00C%] 



100 



Eox(real)ff'» 
EOTsl.Smn 
=Fa*=100ppm 

ias=ioo*c 



xi=(Si»s/(SiiijS4Hf2ijs)) xioo[%] 

50 40 30 20 10 




50 60 70 80 90 

X2=(Hfaa/(HfM+siajK)) xioom 











]///\ 




K\\] 
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[1^7] ims] 
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(a) 



(b) 



(c) 



(d) 



[IS 9] 
[PDAW] 



-22A 



[700TCPDA-.*«|iiK] 

H2 H2 ^H2 




22A 



^21B 



22A 



[HfcoJ2;t{c+sicDt£^3 



'22A 



II 2] 



120 
100 
80 
60 
40 
20 



(Tph=3. 0*^3. Sran) 











-^1150*t5 






-♦-950*10 






-■-900*C 







-3 -2 -1 0 

r-l>«ffiVgCV3 



1 1] 



Hf t-butoxide^mt^/^ii^ 
aph=3. 0'-S. 3m) 




■1050^5 

■950*t: 

•900*tJ 



2 -1 0 

*'-h«ffiVg[V] 



[ill 1 3] 




900 1000 1100 
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F:^— 5F058 BA20 BC03 BF06 BF12 BF22 
BF27 BH04 BJ04 
5F140 AA19 BAOl BA20 BD02 BD09 
BDU BD13 BD17 BE02 BE07 
BEOS BE09 BEIO BE17 BFOl 
BF04 BF07 BFIO BFll BF15 
BF38 BG28 BG38 BG44 BK13 
BK21 CBOl 



